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1
METHOD AND SYSTEM FOR AUTOMATIC
CLASSIFICATION OF LESIONS IN BREAST
MRI

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on provisional application
Ser. No. 60/977,752 filed Oct. 5, 2007, the entire contents of
which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

The present disclosure relates to lesion classification and,
more specifically, to a method and system for automatic clas-
sification of lesions in breast MRI.

2. Discussion of Related Art

Computer aided diagnosis (CAD) is the process of using
computer vision systems to analyze medical image data and
make a determination as to what regions of the image data are
potentially problematic. Some CAD techniques then present
these regions of suspicion to a medical professional such as a
radiologist for manual review, while other CAD techniques
make a preliminary determination as to the nature of the
region of suspicion. For example, some CAD techniques may
characterize each region of suspicion as a lesion or a non-
lesion. The final results of the CAD system may then be used
by the medical professional to aid in rendering a final diag-
nosis.

Because CAD techniques may identify lesions that may
have been overlooked by a medical professional working
without the aid of a CAD system, and because CAD systems
can quickly direct the focus of a medical professional to the
regions most likely to be of diagnostic interest, CAD systems
may be highly effective in increasing the accuracy of a diag-
nosis and decreasing the time needed to render diagnosis.
Accordingly, scarce medical resources may be used to benefit
a greater number of patients with high efficiency and accu-
racy.

CAD techniques have been applied to the field of mam-
mography, where low-dose x-rays are used to image a
patient’s breast to diagnose suspicious breast lesions. How-
ever, because mammography relies on x-ray imaging, mam-
mography may expose a patient to potentially harmful ioniz-
ing radiation. As many patients are instructed to undergo
mammography on a regular basis, the administered ionizing
radiation may, over time, pose a risk to the patient. Moreover,
it may be difficult to use x-rays to differentiate between dif-
ferent forms of masses that may be present in the patient’s
breast. For example, it may be difficult to distinguish between
calcifications and malignant lesions.

Magnetic resonance imaging (MRI) is a medical imaging
technique that uses a powerful magnetic field to image the
internal structure and certain functionality of the human body.
MRI is particularly suited for imaging soft tissue structures
and is thus highly useful in the field of oncology for the
detection of lesions.

In dynamic contrast enhanced MRI (DCE-MRI), many
additional details pertaining to bodily soft tissue may be
observed. These details may be used to further aid in diagno-
sis and treatment of detected lesions.

DCE-MRI may be performed by acquiring a sequence of
MR images that span a time before magnetic contrast agents
are introduced into the patient’s body and a time after the
magnetic contrast agents are introduced. For example, a first
MR image may be acquired prior to the introduction of the
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magnetic contrast agents, and subsequent MR images may be
taken at a rate of one image per minute for a desired length of
time. By imaging the body in this way, a set of images may be
acquired that illustrate how the magnetic contrast agent is
absorbed and washed out from various portions of the
patient’s body. This absorption and washout information may
be used to characterize various internal structures within the
body and may provide additional diagnostic information.

The absorption and washout information may thus be used
to characterize a lesion as either benign or malignant. When a
trained medical practitioner such as a radiologist examines
image data such as DCE-MR image data, a determination
may be made as to whether a suspected lesion is benign or
malignant. In addition to basing this determination on the
absorption and washout information, other factors may be
used.

In accordance with some techniques, the determination as
to whether a suspected lesion is benign or malignant is per-
formed by the medical practitioner. In accordance with other
techniques, the determination may be made by a CAD sys-
tem. When the determination is made using a CAD system,
the practitioner may either choose to accept the automatic
decision or disregard it in favor of the practitioner’s own
assessment. Both options may be less than ideal. This is
because, in the first case, the determination of the CAD sys-
tem may be inferior to the manual determination of the prac-
titioner, and yet, in the second case, the CAD system has not
served its purpose.

SUMMARY

A method for classifying a lesion in an MRI includes
acquiring a pre-contrast MR image. A magnetic contrast
agent is administered. A set of post-contrast MR images are
acquired. The acquired pre-contrast and post-contrast MR
images are displayed. One or more manually entered factors
pertaining to a lesion manually identified within the pre-
contrast and post-contrast MR images are received. A risk of
malignancy for the manually identified lesion is automati-
cally determined based on the received one or more factors
pertaining to the lesion.

The factors pertaining to the lesion may include a manually
entered value for a size of a lesion manually identified within
the pre-contrast and post-contrast MR images; and a manu-
ally entered value for an absorption/washout profile of the
manually identified lesion.

The acquired pre-contrast and post contrast MR images
may include a dynamic contrast enhanced MRI (DCE-MRI).
The magnetic contrast agent may include a gadolinium com-
pound.

The value for the size of the lesion and the absorption/
washout profile of the lesion may be determined by a medical
practitioner upon reading the displayed acquired pre-contrast
and post-contrast MR images.

The risk of malignancy may be automatically determined
from the received size value (s) and absorption/washout pro-
file (t) by normalizing a value of (s-t)’. The risk of malignancy
R_ may be automatically determined from the received size
value (s) and absorption/washout profile (t) according to the
equation:

R.(s,0) = éarctan[(%[)s]
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wherein c is a cutoff size for a progressive lesion to be con-
sidered suspicious for malignancy. The cutoff size ¢ may be
23 millimeters. Alternatively, the cutoff size ¢ may be deter-
mined by a training algorithm that uses a set of training data
of lesions that includes characterizations of lesion sizes,
absorption/washout profiles, and determinations as to
whether the lesions turned out to be benign or malignant.

The absorption/washout profile (t) may be expressed as 1
when the lesion exhibits a progressive absorption, 2 when the
lesion exhibits a plateau, and 3 when the lesion exhibits a
washout.

A method for classifying a lesion in an MRI includes
receiving a manually entered value for a size of a lesion
manually identified within DCE-MR images. The lesion has
been diagnosed as having an uncertain probability of malig-
nancy. A manually entered value for an absorption/washout
profile of the manually identified lesion is received. A risk of
malignancy is automatically determined for the manually
identified lesion based on the received size value and absorp-
tion/washout profile. The diagnosis of the lesion is recharac-
terized as either being benign or malignant based on the
automatically determined risk of malignancy.

The DCE-MR images may be acquired along with the
administration of a magnetic contrast agent including a gado-
linium compound. The value for the size of the lesion and the
absorption/washout profile of the lesion may be determined
by a medical practitioner upon reading the DCE-MR images.

The risk of malignancy may be automatically determined
from the received size value (s) and absorption/washout pro-
file (t) by normalizing a value of (st)*. The risk of malignancy
R_ may be automatically determined from the received size
value (s) and absorption/washout profile (t) according to the
equation:

R.(s, 1) = %arctan[(%[)s]

wherein c is a cutoff size for a progressive lesion to be con-
sidered suspicious for malignancy. The cutoff size ¢ may be
23 millimeters. Alternatively, the cutoff size ¢ may be deter-
mined by a training algorithm that uses a set of training data
of lesions that includes characterizations of lesion sizes,
absorption/washout profiles, and determinations as to
whether the lesions turned out to be benign or malignant.

The absorption/washout profile (t) may be expressed as 1
when the lesion exhibits a progressive absorption, 2 when the
lesion exhibits a plateau, and 3 when the lesion exhibits a
washout.

The characterization of the lesion as having an uncertain
probability of malignancy may include a classification of the
lesion as a BIRADS level 3 lesion and the recharacterization
of'the diagnosis may include either downgrading the lesion to
BIRADS level 2, upgrading the lesion to BIRADS level 4 or
keeping the lesion as BIRADS level 3.

A computer system includes a processor and a program
storage device readable by the computer system, embodying
a program of instructions executable by the processor to
perform method steps for method for classifying a lesion in an
MRI. The method includes receiving a manually entered
value for a size of a lesion manually identified within DCE-
MR images; receiving a manually entered value for an
absorption/washout profile of the manually identified lesion;
and automatically determining a risk of malignancy for the
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manually identified lesion based on the received size value
and absorption/washout profile.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present disclosure
and many of the attendant aspects thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

FIG. 1 is a flow chart illustrating a method for imaging a
patient’s breast using DCE-MRI and rendering a computer-
aided diagnosis according to an exemplary embodiment of
the present invention;

FIG. 2 is a set of graphs illustrating a correspondence
between absorption and washout profiles for various
BIRADS classifications according to an exemplary embodi-
ment of the present invention;

FIG. 3 is a flow chart illustrating a method for imaging a
patient’s breast using DCE-MRI and rendering a manual
diagnosis with the aid of computational analysis according to
an exemplary embodiment of the present invention; and

FIG. 4 shows an example of a computer system capable of
implementing the method and apparatus according to
embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

In describing exemplary embodiments of the present dis-
closure illustrated in the drawings, specific terminology is
employed for sake of clarity. However, the present disclosure
is not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element
includes all technical equivalents which operate in a similar
manner.

Exemplary embodiments of the present invention seek to
provide a system and method for guiding a medical practitio-
ner, such as a radiologist, in the diagnosis of one or more
lesion candidates. By guiding the medical practitioner rather
than providing a fully-automatic determination, exemplary
embodiments of the present invention may allow for the
medical practitioner to make a manual diagnosis while being
assisted by a computer to help provide a consistent applica-
tion of the medical practitioner’s diagnostic skills and efforts.
Thus, the medical practitioner may be aided in providing a
consistently high level of diagnosis.

Exemplary embodiments of the present invention may per-
mit a medical practitioner such as a radiologist and/or a radi-
ology technician to imaging a patient’s breast using DCE-
MRI techniques and then identify regions of suspicion that
are more likely to be malignant breast lesions. By utilizing
DCE-MRI rather than mammography, additional data per-
taining to contrast absorption and washout may be used to
accurately distinguish between benign and malignant breast
masses.

The assessment of the DCE-MR images may be performed
either by the medical practitioner or by a computer-aided
diagnosis (CAD) system. FIG. 1 is a flow chart illustrating a
method for imaging a patient’s breast using DCE-MRI and
rendering a diagnosis according to an exemplary embodiment
of the present invention, either with the assistance of a CAD
system or manually. First, a pre-contrast MRI is acquired
(Step S10). The pre-contrast MRI may include an MR image
taken of the patient before the magnetic contrast agent has
been administered. The pre-contrast MRI may include one or
more modalities. For example, both T1 and T2 relaxation
modalities may be acquired.
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Next, with the patient remaining as still as possible, the
magnetic contrast agent may be administered (Step S11). The
magnetic contrast agent may be a paramagnetic agent, for
example, a gadolinium compound. The agent may be admin-
istered orally, intravenously, or by another means. The mag-
netic contrast agent may be selected for its ability to appear
extremely bright when imaged in the T1 modality. By inject-
ing the magnetic contrast agent into the patient’s blood, vas-
cular tissue may be highly visible in the MRI. Because malig-
nant tumors tend to be highly vascularized, the use of the
magnetic contrast agent may be highly effective for identify-
ing regions suspected of being lesions.

Moreover, additional information may be gleamed by ana-
lyzing the way in which a region absorbs and washes out the
magnetic contrast agent. For this reason, a sequence of post-
contrast MR images may be acquired (Step S12). The
sequence may be acquired at regular intervals in time, for
example, a new image may be acquired every minute.

As discussed above, the patient may be instructed to
remain as still as possible throughout the entire image acqui-
sition sequence. Despite these instructions, the patient will
most likely move somewhat from image to image. Accord-
ingly, before regions of suspicion are identified (Step S16),
motion correction may be performed on the images (Step
S13).

At each acquisition, the image may be taken in the T1
modality that is well suited for monitoring the absorption and
washout of the magnetic contrast agent.

Because MR images are acquired using a powerful mag-
netic field, subtle inhomogeneity in the magnetic field may
have an impact on the image quality and may lead to the
introduction of artifacts. Additionally, the level of enhance-
ment in the post-contrast image sequence may be affected.
Also, segmentation of the breast may be impeded by the
inhomogeneity, as in segmentation, it is often assumed that a
particular organ appears homogeneously. Accordingly, the
effects of the inhomogeneous magnetic field may be cor-
rected for within all of the acquired MR images (Step S14).

The order in which motion correction (Step S13) and inho-
mogeneity correction (Step S14) are performed on the MR
images is not critical. All that is required is that these steps be
performed after image acquisitions for each given image, and
prior to segmentation (Step S15). These corrective steps may
be performed for each image after each image is acquired or
for all images after all images have been acquired.

After the corrective steps (Steps S13 and S14) have been
performed, breast segmentation may be performed (Step
S15). Segmentation is the process of determining the contour
delineating a region of interest from the remainder of the
image. In making this determination, edge information and
shape information may be considered.

Edge information pertains to the image intensity changes
between the interior and exterior of the contour. Shape infor-
mation pertains to the probable shape of the contour given the
nature of the region of interest being segmented. Some tech-
niques for segmentation such as the classical watershed trans-
formation rely entirely on edge information. Examples of this
technique may be found in L. Vincent and P. Soille, “Water-
sheds in digital spaces: An efficient algorithm based immer-
sion simulations” /EEE Trans. PAMI, 13(6):583-589, 1991,
which is incorporated by reference. Other techniques for seg-
mentation rely entirely on shape information. For example, in
M. Kass, A. Witkin, and D. Terzopoulous, “Snakes—Active
contour models” Int J. Comp Vis, 1(4): 321-331, 1987, which
is incorporated by reference, a calculated internal energy of
the curvature is regarded as a shape prior although its weight
is hard-coded and not learned through training. In A. Tsai, A.
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Yezzi, W. Wells, C. Tempany, D. Tucker, A. Fan, and W. E.
Grimson, “A shape-based approach to the segmentation of
medical imagery using level sets” IEEE Trans. Medical Imag-
ing, 22(2): 137-154, 2003, which is incorporated by refer-
ence, the shape prior of signed distance representations called
eigenshapes is extracted by Principal Component Analysis
(PCA). When the boundary of an object is unclear and/or
noisy, the shape prior is used to obtain plausible delineation.

When searching for lesions in the breast using DCE-MRI,
internal structures such as the pectoral muscles that are highly
vascularized may light up with the application of the mag-
netic contrast agent. Thus, the pectoral muscles, and other
such structures may make location of breast lesions more
difficult. Accordingly, by performing accurate segmentation,
vascularized structures that are not associated with the breast
tissue may be removed from consideration thereby facilitat-
ing fast and accurate detection of breast lesions.

After segmentation has been performed (Step S15), the
breast tissue may be isolated and regions of suspicion may be
identified within the breast tissue region (Step S16). Identifi-
cation of the regions of suspicion may be performed either
manually by the medical practitioner examining the image
data, or automatically by a CAD system. A region of suspi-
cion is a structure that has been determined to exhibit one or
more properties that make it more likely to be a breast lesion
than the regions of the breast tissue that are not determined to
be regions of suspicion.

Manual detection of the region of suspicion may be per-
formed by the medical practitioner in accordance with the
many techniques of the field, including examining the medi-
cal images for shapes and sizes that may be indicative of a
lesion.

Automatic detection of the region of suspicion may be
performed by systematically analyzing a neighborhood of
voxels around each voxel of the image data to determine
whether or not the voxel should be considered part of a region
of suspicion. This determination may be made based on the
acquired pre-contrast MR image as well as the post-contrast
MR image. Such factors as size and shape may be considered.

Moreover, the absorption and washout profile of a given
region may be used to determine whether the region is suspi-
cious. This is because malignant tumors tend to show a rapid
absorption followed by a rapid washout. This and other
absorption and washout profiles can provide significant diag-
nostic information.

Breast imaging reporting and data systems (BIRADS) is a
system that has been designed to classify regions of suspicion
that have been manually detected using conventional breast
lesion detection techniques such as mammography and breast
ultrasound. Under this approach, there are six categories of
suspicious regions. Category O indicates an incomplete
assessment. If there is insufficient data to accurately charac-
terize a region, the region may be assigned to category 0. A
classification as category 0 generally implies that further
imaging is necessary. Category 1 indicates normal healthy
breast tissue. Category 2 indicates benign or negative. In this
category, any detected masses such as cysts or fibroadenomas
are determined to be benign. Category 3 indicates that a
region is probably benign, but additional monitoring is rec-
ommended, Category 4 indicates a possible malignancy. In
this category, there are suspicious lesions, masses or calcifi-
cations and a biopsy is recommended. Category 5 indicates
that there are masses with an appearance of cancer and biopsy
is necessary to complete the diagnosis. Category 6 is a malig-
nancy that has been confirmed through biopsy.

Inparticular, when a region of suspicion is characterized as
a category 3 region, additional monitoring is generally
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required. For example, the patient may be instructed to be
retested in six months. This category may be particularly
problematic because regardless of the outcome, an error has
occurred. For example, if a patient is judged to have a cat-
egory 3 lesion, in six months time that patient will either be
found to have no malignancy in which case the patient has
been made to endure anguish that could have been avoided, or
the patient is found to have a malignancy in which case the
malignancy was permitted to go without treatment for six
months. In either case, it would have been preferable that the
lesion be assigned a different category number.

Of course, there may always be a region of suspicion that is
simply too close to call, however, exemplary embodiments of
the present invention seek to minimize category 3 classifica-
tions by providing the medical practitioner with a computer-
generated assessment as to whether a category 3 classification
should be upgraded to a category 4 classification or down-
graded to a category 2 classification, in accordance with a
novel approach to calculating a probability of malignancy
based on manual inputs that is discussed in detail below with
respect to FIG. 3

Exemplary embodiments of the present invention may
allow for the characterization of a given region according to
the above BIRADS classifications based on the DCE-MRI
data. To perform this categorization, the absorption and wash-
out profile, as gathered from the post-contrast MRI sequence,
for each given region may be compared against a predeter-
mined understanding of absorption and washout profiles.

FIG. 2 is a set of graphs illustrating a correspondence
between absorption and washout profiles for various
BIRADS classifications according to an exemplary embodi-
ment of the present invention. These classifications may be
manually provided by the medical practitioner or may be
automatically provided by the CAD system.

In the first graph 21, the T1 intensity is shown to increase
over time with little to no decrease during the observed
period. This behavior may correspond to a gradual or mod-
erate absorption with a slow washout. This may be character-
istic of normal breast tissue and accordingly, regions exhib-
iting this profile may be classified as category 1.

In the next graph 22, the T1 intensity is shown to increase
moderately and then substantially plateau. This behavior may
correspond to a moderate to rapid absorption followed by a
slow washout. This may characterize normal breast tissue or
a benign mass and accordingly, regions exhibiting this profile
may be classified as category 2.

In the next graph 23, the T1 intensity is shown to increase
rapidly and then decrease rapidly. This behavior may corre-
spond to a rapid absorption followed by a rapid washout.
While this behavior may not establish a malignancy, it may
raise enough suspicion to warrant a biopsy, accordingly,
regions exhibiting this profile may be classified as category 3.

The three categories of the absorption/washout need not
necessarily coincide with the BIRADS classifications, and
indeed, according to exemplary embodiments of the present
invention, the medical practitioner may separately determine
a BIRADS classification for each suspected lesion and deter-
mine an absorption/washout profile category for each sus-
pected lesion. The medical practitioner may of course use the
determined absorption/washout profile as part of the diagno-
sis and BIRADS classification.

Other absorption and washout profiles may be similarly
established for other BIRAD categories. In this way, DCE-
MRI data may be used to characterize a given region accord-
ing to the BIRADS classifications. This and potentially other
criteria, such as size and shape, may thus be used to identify
regions of suspicion (Step S16).
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After regions of suspicion have been identified, false posi-
tives may be removed (Step S17). This step may be particu-
larly useful when the regions of suspicion were automatically
determined by the CAD system, but this step may be omitted
when regions of suspicion have been identified manually by
the medical practitioner. As described above, artifacts such as
motion compensation artifacts, artifacts cause by magnetic
field inhomogeneity, and other artifacts, may lead to the inclu-
sion of one or more false positives, especially in the case of
automatic determination. Exemplary embodiments of the
present invention and/or conventional approaches may be
used to reduce the number of regions of suspicion that have
been identified due to an artifact, and thus false positives may
be removed. Removal of false positives may be performed by
systematically reviewing each region of suspicion multiple
times, each time for the purposes of removing a particular
type of false positive. Each particular type of false positive
may be removed using an approach specifically tailored to the
characteristics of that form of false positive. Examples of
such approaches are discussed in detail below.

After false positives have been removed (Step S17), the
remaining regions of suspicion may be further considered by
the medical practitioner. In the case where automatic classi-
fication has been performed by a CAD system, this step may
include presentment of the remaining regions of suspicion to
the medical practitioner. For example, the remaining regions
of interest may be highlighted within a representation of the
medical image data. Quantitative data such as size and shape
measurements and/or BIRADS classifications may be pre-
sented to the medical practitioner along with the highlighted
image data. The presented data may then be used to determine
a further course of testing or treatment. For example, the
medical practitioner may use the presented data to order a
biopsy or refer the patient to an oncologist for treatment.

When identification of regions of suspicion is manually
performed by the medical practitioner, the above-described
procedure may be simplified in accordance with the approach
disused below with respect to FIG. 3.

FIG. 3 is a flow chart illustrating a method for imaging a
patient’s breast using DCE-MRI and rendering a manual
diagnosis with the aid of computational analysis according to
an exemplary embodiment of the present invention. As
described above with respect to FIG. 1, first, a pre-contrast
MRI is acquired (Step S30). The pre-contrast MRI may
include an MR image taken of the patient before the magnetic
contrast agent has been administered. The pre-contrast MRI
may include one or more modalities. For example, both T1
and T2 relaxation modalities may be acquired.

Next, with the patient remaining as still as possible, the
magnetic contrast agent may be administered (Step S31). The
magnetic contrast agent may be a paramagnetic agent, for
example, a gadolinium compound. The agent may be admin-
istered orally, intravenously, or by another means. After
administration of the magnetic contrast agent, a sequence of
post-contrast MR images may be acquired (Step S32). The
sequence may be acquired at regular intervals in time, for
example, a new image may be acquired every minute.

The medical practitioner may then examine the pre and
post contrast medical image data to manually identify one or
more regions of suspicion (Step S33). The regions of suspi-
cion may be suspected lesion candidates. After the regions of
suspicion have been identified, or while identifying the
regions of suspicion, the medical practitioner may manually
classify the regions of suspicion (Step S34). Classification of
the regions of suspicion may include making a final determi-
nation as to whether the region of suspicion is benign or
malignant, determining a probability of malignancy, charac-
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terizing each region in accordance with BIRADS classifica-
tions, and/or characterizing the absorption/washout profile,
for example, in accordance with the three categories dis-
cussed above with respect to FIG. 2.

After the regions of suspicion have been classified, the
computerized system of an exemplary embodiment of the
present invention may be used to further classify the regions
of suspicion. Use of the computerized system may be
optional, for example, it may be utilized when the medical
practitioner has determined that one or more identified
regions of suspicion is probably benign, but additional moni-
toring is recommended, a situation that may be classified as
BIRADS 3 (Step S35). If it is determined that a region of
suspicion is probably benign but more testing is recom-
mended, for example, BIRADS 3, (Yes, Step S35) then the
medical practitioner may provide the system with manual
input of the absorption/washout profile, for example, by pro-
viding one of the three absorption/washout profile categories
discussed above with respect to FIG. 2 and an assessment of
the size of the region of suspicion (Step S36).

The system may then perform an automatic determination
as to the probability of malignancy based on novel techniques
discussed in detail below (Step S37). This determination may
include an automatic reclassification of the region of suspi-
cion, for example, to upgrade the region of suspicion to
BIRADS category 4, downgrade the region of suspicion to
BIRADS category 2, or to confirm the BIRADS category 3
classification.

If, however, the medical practitioner determines in Step
S35 that the region of suspicion is clearly benign (BIRADS 2
or 1) or that the region of suspicion is clearly malignant
(BIRADS 4 and above) (No, Step S35), then the medical
practitioner’s classification may be maintained (Step S38).

Although exemplary embodiments in which the comput-
erized classification system is only evoked when a region of
suspicion has been characterized as BIRADS category 3,
other exemplary embodiments of the present invention may
evoke the computerized classification system regardless of
the assessment of the medical practitioner. In this case, the
computerized classification system would provide a probabil-
ity of malignancy, BIRADS classification or some other form
of characterization.

Exemplary embodiments of the present invention may uti-
lize a computerized classification system for receiving region
of suspicion parameters such as the characterization of the
absorption/washout profile and region of suspicion size and
generating the determination as to the probability of malig-
nancy based on these parameters. The parameters may be
manually input by a user such as a medical practitioner, and as
described above, the probability of malignancy may be
expressed as an upgrade, downgrade or confirmation of a
BIRADS level 3 classification.

The computerized classification system according to
embodiments of the present invention automatically provides
this assessment of the probability of malignancy using the
above-identified inputs in accordance with the following for-
mula:

R.(s, 1) = %arctan[(%[)s] W

where R, is the risk of a lesion being malignant, s is the size
of'the lesion, t is the characterization of the absorption/wash-
out profile, and ¢ is a cutoff size for a progressive lesion to be
considered suspicious for malignancy. This cutoff size
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parameter may be determined using a learning algorithm base
on provided training data. The size s may be a diameter of the
lesion in units of millimeters. The characterization of the
absorption/washout profile may be either 1, 2, or 3, as dis-
cussed in detail above with respect to FIG. 2, where classifi-
cation 1 represented a progressive absorption, classification 2
represented a plateau, and classification 3 represented wash-
out. The cutoff size may be a diameter in millimeters.

The probability R may represent a risk factor between 0
and 1, where O represents no chance of malignancy and 1
represents a definite malignancy. This probability may be
provided to the medical practitioner as an output to aid the
medical practitioner in rendering a diagnosis or it may be used
to upgrade, downgrade or keep the same an uncertain diag-
nosis such as BIRADS 3 characterization.

The probability R . may be used to upgrade, downgrade or
maintain a finding of BIRADS 3 by establishing a threshold
for which an upgrade or downgrade could occur. According to
one exemplary embodiment of the present invention, if the
probability R is within the range of 0 to 12, then a downgrade
to BIRADS 2 is provided while if the probability R is within
the range of 4 to 1, then anupgrade to BIRADS 4 is provided.
Alternatively, there may be some range for which the
BIRADS 3 characterization is maintained. For example, a
probability R, within the range of 0 to %5 may result in a
downgrade, a probability R within the range of ¥4 to 24 may
resultinno change, and a probability R_ within the range of %5
to 1 may result in an upgrade.

As discussed above, the cutoff size ¢ may be determined
using a learning algorithm where multiple instances of train-
ing data may be processed. The training data may include a
characterization of the lesion size, absorption/washout pro-
file, and whether the lesion turned out to be benign or malig-
nant. The learning algorithm may then use the training data to
determine an optimum value for ¢ for which a maximum
number of instances of training data are correctly designated
as benign or malignant based on the lesion size and the
absorption/washout profile.

As an alternative to using a training algorithm to determine
anoptimum c, a suitable value of ¢ may be predetermined. For
example, a value of 23 mm may be used for c. Moreover, a
training algorithm may also be used to establish an equation
for relating malignancy to lesion size and an absorption/
washout profile, rather than using the equation (1) provided
above.

Exemplary embodiments of the present invention utilize a
relationship between the size of the lesion, the characteriza-
tion of the absorption/washout profile and the probability of
malignancy. This relationship may be as described above with
respect to equation (1) or another equation may be used.
While equation (1) may be varied with success, exemplary
embodiments of the present invention may utilize a relation-
ship where the probability of malignancy is dependent upon a
lesion size and absorption/washout profile characterization,
each to the power of 3, or more simply:

Probability=(s'1)* ()]

The resulting probability may then be normalized and/or
related to an upgrade/downgrade.

As discussed above, exemplary embodiments of the
present invention may provide for a computerized classifica-
tion system that determines either a probability of malig-
nancy or provides an upgrade/downgrade for a manual diag-
nosis based on data pertaining to a lesion size and absorption/
washout profile that are manually entered by a user such as a
medical practitioner. Variations of this basic technique are
possible, for example, other factors in addition to or in place
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of'the lesion size and absorption/washout profile may be used
to perform the probability determination and/or the data may
be automatically acquired rather than manually input. Those
of skill in the art would also understand that other modifica-
tions would be possible.

In addition to or in place of lesion size and absorption/
washout profile information, exemplary embodiments of the
present invention may also use one or more of the following
other features in determination the probability of malignancy.
As is the case with the lesion size and absorption/washout
profile information, these other features may be manually
entered by the user. These other features may include: an
indication of lesion type that may be either a mass or a
non-mass; an indication of mass shape, for example, round,
oval, lobulated, irregular, etc.; an indication of mass margin,
for example, smooth, irregular, spiculated, etc.; an indication
of mass enhancement, for example, rim, central, bright sep-
tations, dark septations, a combination of bright and dark
septations, homogeneous, heterogeneous, etc.; an indication
of'non-mass distribution, for example, focal area, linear, duc-
tal, segmental, regional, diffuse, etc.; an indication of non-
mass internal enhancement, for example, homogeneous, het-
erogeneous, stippled, clumped, dendritic, reticular, etc. Other
examples of features may include indications of lesion loca-
tion and overall image quality.

FIG. 4 shows an example of a computer system which may
implement a method and system of the present disclosure.
The system and method of the present disclosure may be
implemented in the form of a software application running on
a computer system, for example, a mainframe, personal com-
puter (PC), handheld computer, server, etc. The software
application may be stored on a recording media locally acces-
sible by the computer system and accessible via a hard wired
or wireless connection to a network, for example, a local area
network, or the Internet.

The computer system referred to generally as system 1000
may include, for example, a central processing unit (CPU)
1001, random access memory (RAM) 1004, a printer inter-
face 1010, a display unit 1011, a local area network (LAN)
data transmission controller 1005, a LAN interface 1006, a
network controller 1003, an internal bus 1002, and one or
more input devices 1009, for example, a keyboard, mouse etc.
As shown, the system 1000 may be connected to a data
storage device, for example, a hard disk, 1008 via alink 1007.
A MR imager 1012 may be connected to the internal bus 1002
via an external bus (not shown) or over a local area network.

Exemplary embodiments described herein are illustrative,
and many variations can be introduced without departing
from the spirit of the disclosure or from the scope of the
appended claims. For example, elements and/or features of
different exemplary embodiments may be combined with
each other and/or substituted for each other within the scope
of this disclosure and appended claims.

What is claimed is:

1. A method for classifying alesion in an MRI, comprising:

acquiring, by an MR imager, a pre-contrast MR image;

administering a magnetic contrast agent;

acquiring, by the MR imager, a set of post-contrast MR

images;

displaying the acquired pre-contrast and post-contrast MR

images;

receiving, in a computer system, a plurality of manually

entered factors pertaining to a lesion manually identified
within the pre-contrast and post-contrast MR images,
wherein the factors pertaining to the lesion include a
manually entered value for a size (s) ofa lesion manually
identified within the pre-contrast and post-contrast MR
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images, and a manually entered value for an absorption/
washout profile (t) of the manually identified lesion; and
automatically determining, in the computer system, a risk
of malignancy for the manually identified lesion based
on the received plurality of factors pertaining to the
lesion by normalizing a value of (st)*; wherein the
absorption/washout profile (t) are expressed as:

1 when the lesion exhibits a progressive absorption,

2 when the lesion exhibits a plateau, and

3 when the lesion exhibits a washout.

2. The method of claim 1, wherein the acquired pre-con-
trast and post contrast MR images comprise a dynamic con-
trast enhanced MRI (DCE-MRI).

3. The method of claim 1, wherein the magnetic contrast
agent includes a gadolinium compound.

4. The method of claim 1, wherein the value for the size of
the lesion and the absorption/washout profile of the lesion are
determined by a medical practitioner upon reading the dis-
played acquired pre-contrast and post-contrast MR images.

5. The method of claim 1, wherein the risk of malignancy
R, is automatically determined from the received size
value (s) and absorption/washout profile (t) according to the
equation:

Re(s,0) = ;rarctan[(%[)s]

wherein e is a cutoff size for a progressive lesion to be

considered suspicious for malignancy.
6. The method of claim 5, wherein ¢ is 23 millimeters.
7. The method of claim 5, wherein ¢ is determined by a
training algorithm that uses a set of training data of lesions
that includes characterizations of lesion sizes, absorption/
washout profiles, and determinations as to whether the lesions
turned out to be benign or malignant.
8. A method for classifying a lesion in an MRI, comprising:
receiving, in a computer system, a manually entered value
for a size (s) of a lesion manually identified within DCE-
MR images, wherein the lesion has been diagnosed as
having an uncertain probability of malignancy;

receiving, in the computer system, a manually entered
value for an absorption/washout profile (t) of the manu-
ally identified lesion;
automatically determining, in the computer system, a risk
of malignancy for the manually identified lesion based
on the received size value and absorption/washout pro-
file by normalizing a value of (s-1)*; and

recharacterizing, in the computer system, the diagnosis of
the lesion as either being benign or malignant based on
the automatically determined risk of malignancy;
wherein the absorption/washout profile (t) are expressed
as:

1 when the lesion exhibits a progressive absorption,

2 when the lesion exhibits a plateau, and

3 when the lesion exhibits a washout.

9. The method of claim 8, wherein the DCE-MR images
were acquired along with the administration of a magnetic
contrast agent including a gadolinium compound.

10. The method of claim 8, wherein the value for the size of
the lesion and the absorption/washout profile of the lesion are
determined by a medical practitioner upon reading the DCE-
MR images.

11. The method of claim 8, wherein the risk of malignancy
is automatically determined from the received size value (s)
and absorption/washout profile (t) according to the equation:
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R.(s, 1) = %arctan[(%[)s]

wherein c¢ is a cutoff size for a progressive lesion to be

considered suspicious for malignancy.

12. The method of claim 11, wherein ¢ is 23 millimeters.

13. The method of claim 11, wherein ¢ is determined by a
training algorithm that uses a set of training data of lesions
that includes characterizations of lesion sizes, absorption/
washout profiles, and determinations as to whether the lesions
turned out to be benign or malignant.

14. The method of claim 8, wherein the characterization of
the lesion as having an uncertain probability of malignancy
includes a classification of the lesion as a BIRADS level 3
lesion and the recharacterization of the diagnosis includes
either downgrading the lesion to BIRADS level 2, upgrading
the lesion to BIRADS level 4 or keeping the lesion as
BIRADS level 3.

15. A computer system comprising:

a processor; and

a non-transitory program storage device readable by the

computer system, tangibly embodying a program of

instructions executable by the processor to perform

method steps for method for classifying a lesion in an

MRI, the method comprising:

receiving a manually entered value for a size (s) of a
lesion manually identified within DCE-MR images,
wherein the lesion has been diagnosed as having an
uncertain probability of malignancy;

receiving a manually entered value for an absorption/
washout profile (t) of the manually identified lesion;
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automatically determining a risk of malignancy for the
manually identified lesion based on the received size
value and absorption/washout profile by normalizing
a value of (s't)*; and
recharacterizing the diagnosis of the lesion as either being
benign or malignant based on the automatically deter-
mined risk of malignancy; wherein the absorption/wash-
out profile (t) are expressed as:

1 when the lesion exhibits a progressive absorption,

2 when the lesion exhibits a plateau, and

3 when the lesion exhibits a washout.

16. The computer system of claim 15, wherein the risk of
malignancy R is automatically determined from the received
size value (s) and absorption/washout profile (t) according to
the equation:

R.(s,0) = éarctan[(%[)s]

wherein ¢ is a cutoff size for a progressive lesion to be

considered suspicious for malignancy.

17. The computer system of claim 16 wherein ¢ is 23
millimeters.

18. The computer system of claim 16 wherein c is deter-
mined by a training algorithm that uses a set of training data
of lesions that includes characterizations of lesion sizes,
absorption/washout profiles, and determinations as to
whether the lesions turned out to be benign or malignant.
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